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(57) CLAIMS 

1 Manufacturing method for tetrafluoroethylene wax, characterized as using fluoroalkane or 
chlorofluoroalkane having 1-3 carbons in 5 ~ 90 mol% concentration toward total amoimt with 
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tetrafluoroethylene as telbgen, polymerizing tetrafluoroethylene in aqueous medium under 
pressure of 0 ~ 30 Kg/cm^G and temperature conditions of 0 - lOO^C. 

DETAILED EXPLANATION OF THE INVENTION 

This invention relates to manufacturing method for tetrafluoroethylene wax (hereinafter 
termed TFE), in particular, to industrially advantageous manufacturing method for chemically 
[and] thermally stable TFE wax. 

Method of manufacturing wax by TFE telomerization has been known for a long time, and 
has been implemented industrially as well. However, many of the methods known in prior art 
were methods utilizing compounds undergoing telomerization as the reaction media; 
consequently, it was difficult to control reaction conditions such as temperature [and] there were 
problems with regulating molecular weight, etc. Methods using aqueous reaction media were 
also known, but there were problems such as inferior thermal stability of the product wax, [and] 
difficulties in separation of monomer and telomer after reaaction. 

Method of forming low molecular weight by thermal decomposition of polytetrafluoro- 
ethylene (hereinafter termed PTFE) has also been known for a long time, but there are many 
disadvantages such as almost exclusive use of scraps because of the high cost of PTFE starting 
material, poor efficiency because of extremely low molecular weight substances generated as 
byproducts, difficulties in discharging highly toxic gases generated by thermal decomposition. 

Further, as a recently developed method, there is the method of decomposition by irradiation 
of PTFE; with this, an improved method is also known, whereby irradiation with addition of 
oxygen and hydrogen effects efficient decomposition with a small amount of irradiation. 
However, irradiation generally needs special handling, and is high in cost; consequently, it is not 
utilized as a preferred industrial manufacturing method. 

The inventors completed this invention as the result of conducting various studies to 
eliminate the defects of the aforementioned methods in prior art; by this means, it became 
possible to manufacture chemically and thermally stable TFE wax in an industrially 
advantageous way. 

In other words, TFE wax has low molecular weight; in comparison to PTFE commonly used 
in molding, there is a far greater proportion of terminals rich in reactivity. Consequently, when 
TFE wax is mixed with other substances such as engineering plastics, heated and molded, end 
groups react with these materials, discoloration and other undesirable results firequently occur. In 
this invention, fluoroalkane or chlorofluoroalkane are used as telogen, as the result, end groups 
in the product TFE wax are chemically and thermally stable; the aforementioned defects seen in 
TFE wax heretofore are not foxmd. For example, the ignition loss is usually 2% or less, in most 
cases, 0.5% or less. 

Further, when telomerization was heretofore effected in aqueous medium, in order to 
increase economies, monomer (in other words TFE) and telogen were recovered together firom 
the mixture, then separated into monomer and telogen; or without separation, provided for reuse 
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by appropriate adjustment of concentration of the various components therein. Nonetheless, in 
the former case, when monomer is reused in reaction other than telomerization, telogen must be 
completely removed, a relatively large-scale purification unit becomes necessary. Further, in the 
latter case, there is much difficulty in keeping telogen concentration in the reaction vessel 
constant. However, when fluoroalkane or chlorofluoroalkane is used as telogen in this invention, 
mixture of monomer and telogen recovered from the reaction mixture can be separated by 
introduction into the purification process at the time of monomer manufacture, therefore, there is 
the advantage that a special unit need not be provided. In other words, TFE can be manufactured 
by the thermal decomposition of CHCIF2 as shown in the equation: 

2CHCIF2 ^ CF2 = CF2 + 2HC1 

However, in this thermal decomposition mixture, in addition to TFE, a rather high proportion of 
CHCIF2 starting material is present; separation and purification are necessary. The objective of 
separation can be achieved by conveying the recovered gas comprising monomer and telogen 
from the aforementioned telomerization to this purification process. Further, in the afore- 
mentioned manufacture of TFE monomer by thermal decomposition of CHCIF2, some 
fluoroalkane and chlorofluoroalkane other than CHCIF2 are normally present from addition or 
substitution reaction toward starting material CHCIF2 and product TFE in the reaction mixture; 
therefore, even when fluoroalkane and chlorofluoroalkane other than CHCIF2 are used as 
telogen, in many cases, purification process identical to that in the aforementioned TFE 
manufacturing process can be utilized in separation of telogen and TFE monomer. 

To implement the method of this invention, reaction is made to proceed by allowing TFE to 
come into contact with polymerization initiator in aqueous medium, and making adjustments 
during the reaction so that low molecular weight polymer is formed by action of telogen. 

When telogen is not present, polymer having molecular weight of about 10^ - 10^ is 
produced, but by the presence of telogen, polymer of lower molecular weight is produced. It is 
known that in general, polymer having molecular weight of about 10^ is suitable for wax; so kind 
and weight of telogen are suitably selected to take this into consideration. 

In the method of this invention, telogen is used in amount such that during the progress of the 
reaction, about 5-90 mol% concentration is maintained toward total amount with TFE; this 
varies with polymerization pressure, polymerization temperatvire, amount of decomposition of 
polymerization initiator, etc. Suitable polymerization pressure is about 0-30 Kg/cm^G, suitable 
polymerization temperature can be about 0 - 100°C. 

As fluoroalkane and chlorofluoroalkane used as telogen in the method of this invention, 
CHCIF2, CHCI2F, CH2F2, CHF3, CCI3F, CCI2F2, CCIF3, CF3.CHF2, CCI2F CCI2F, CCI2F-CCIF2, 
CC1F2'CC1F2, CC1F2'CF3, CFa-CHF-CFs and the like can be listed as examples, in particular, 
CHCIF2 is preferred. 

As polymerization catalyst, common catalyst such as ammonium persulfate is used. When 
there is mixing with other substances, e.g. engineering plastics, low reactivity of end groups is 
required. In particular, because wax has low molecular weight, and a large number of end 
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groups, their effect on thermal stability cannot be ignored. From this standpoint, one 
recommended method is to use fluoro-peroxide that provides stable end groups as 
polymerization initiator. As example of such catalyst, di(chlorofluoroacyl)peroxide, for example, 
(Cl(CF2CFCl)nCF3COO)2 (n is integer 1-10), is cited in the specification in Japanese Patent 
Application Publication (Kokoku) Sho47-4403 1 ; by using this kind of polymerization initiator, it 
is possible to obtain wax having stable terminals, i.e. having low ignition loss, moreover, 
showing little reactivity toward other substances on mixing. However, there are problems in that 
handling of this peroxide is bothersome, moreover, it is very expensive. 

When persulfate is used as polymerization initiator, particularly at high temperature, polymer 
terminal generated from catalyst becomes -COOH by the following reaction. 

H2O H2O 

-(CF2CF2)nS04 ^ -(CF2CF2)nOH ^ -(CF2CF2)n.lCF2COOH + 2HF 

This end group is thermally unstable and susceptible to decarboxylation. Thus 

Amount of persulfate decomposed in reaction (no. of moles) 

aCOOH = 

Product wax (no. of moles) 

has a nearly proportional relationship to ignition loss; it was found that according to the 
measurement method below, in order to have ignition loss of 2.0% or less, aCOOH was 1 .6 or 
less. However, amount of persulfate decomposition was obtained from calculations based on 
decomposition rate constant obtained from the foUowdng equation (here, R is gas constant, T is 
absolute temperature). 

kd = 6.76xl0^^exp(-32,200/RT)(min."^) 

Number of moles of product wax was obtained from calculations using average molecular 
weight obtained from melt viscosity by the following equation. 

1^ = 7.14xl0^[Tif^ 

[r|] : Meh viscosity at 380*^0 (poise) 

Furthermore, as end groups in product wax molecules, in addition to those originating in 
aforementioned polymerization initiator, others are generated from telogen; when telogen is 
chlorodifluoromethane, end groups are formed when polymerization stops upon extraction of 
atom (mainly hydrogen) from this molecule by radical during polymerization and other end 
groups are formed when telogen from which atom has been extracted restarts polymerization; 
these end groups are unstable. 

It is not particularly necessary to to add emulsifer, but it may be added to reduce the particle 
size of product polymer. As emulsisfier, ammonium salt of perfluoro- or co-hydroperfluoro- 
alkylcarboxylic acid or alkali metal salt of sodium, potassium and the like are commonly used. 
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Separation of low molecular weight polymer product from the reaction mixture can be 
implemented by conventional methods. When reaction mixture is in the form of emulsion, 
polymer is made to coagulate by stirring, etc. As necessary, HNO3 and the like may be added as 
coagulant. Separated polymer is washed with water to remove emulsifier and the like, dried to 
obtain wax in powder form. 

Properties of the resultant wax and measurement methods are as follows. 



Measurement methods of properties 

Particle size range: Measurements were made with light transmission type particle size 
distribution measuring device Model SK (Seishin Co.). Measurements were made by 
transmitting light through Uquid, where wax had been dispersed thoroughly in water by 
ultrasonic waves. 

Melt viscosity: Measurements were made with high polymer type flow tester at 
shearing force of 0.457 Kg/cm^ and temperature of SSO'^C. Test sample was packed in cylinder 
(i.d. 9.5 mm), heated to temperature of 380°C, extruded through orifice (i.d. 2.1 mm, length 
8 mm); viscosity was obtained from extrusion rate at this time and expressed in units of poise. 

Ignition loss: Test sample was placed in a platinum crucible, proportion of weight 

loss on heating for 1 hr at temperature of 300°C was measured and expressed in terms of %. 

Next this invention is explained by citing practical examples. 

Practical Example 1-7 

Stainless steel polymerization vessel (total space 20 0 was charged with water (10 part) that 
had been deionized and deoxygenated, sealed, thereafter air was discharged, telogen in amount 
shown in Table 1 and emulsifier in accordance with need were added. Next while TFE was 
added imder pressure, temperature inside the vessel was adjusted to that listed in Table 1 . 
Thereafter, amount of ammoniiim persulfate listed in Table 1 was added to initiate telomer- 
ization. Pressure drops when reaction starts, but pressure listed in Table 1 is maintained by 
fiirther addition of TFE. After TFE (2 part) is consumed, TFE is removed from the vessel to end 
the reaction. When reaction products are in form of emulsion, stirring is continued to effect 
coagulation. Reaction products are separated, washed with water, thereafter dried to obtain 
powder in wax form. 

In case of Practical Example 1^-6, TFE monomer containing telogen, removed from the 
vessel at the end [of the reaction], is introduced into the purification process in the TFE 
manufacturing process by thermal decomposition of CHCIF2. In this case, thermal 
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Properties 

Particle size range: 
Melt viscosity: 
Ignition loss: 



2~50|i 

1x10"^- 1x10^ poise 

2% or less, in particular, 0.5% or less 



decomposition product of CHCIF2, in addition to TFE monomer, contains a large proportion of 
impurities of all kinds as well as unreacted CHCIF2; there are no problems when gas recovered 
after telomerization reaction, comprising mixture of TFE monomer and CHCIF2, is introduced. 

Table 1 lists the yield of TFE wax obtained in this way and the results of property 
measurements, as well as the respective polymerization reaction conditions. 



Table 1 



Practical Example 


1 


2 


3 


4 


5 


6 


7 


Telogen 


CHCIF2 


CHCIF2 


CHCIF2 


CHCIF2 


CHCIF2 


CHCIF2 


CH2F2 


Amount of Telogen 
(gas concn %) 


70 


60 


60 


80 


30 


85 


65 


Polymerization Pressure 
(Kg/cm^G) 


6.5 


2.5 


2.5 


4.5 


4.5 


4.5 


6.5 


Polymerization 
Temperature f^C) 


80 


60 


90 


80 


80 


40 


80 


Amount of Polymerization 
Initiator Used (g/H20i) 


1.5 


3 


3 


1.5 


1.5 


A N F*^ 
1.5 1.5 1.5 


1.5 


Emulsifier Concn (ppm)**- 


300 


iuG 


too 








300 


Yield (Kg) 


1.7 


1.7 


1.6 


1.3 


1.5 


1.6 


1.7 


Particle Size (u) 


15 


30 


20 


25 


35 


30 


20 


Melt Viscosity (10'' poise) 


62 


500 


51 


40 


600 


200 


40 


Ignition Loss (%) 


0.54 


1.71 


2.19 


0.5 


0.3 


0.3 


0,5 


Note: *^ A: (NH4)2S208 , N: NasSOa , F: ] 


FeS04 



C7F,5COONH4 



Transl: CR&D Language Solutions 
CLEMENOR, LLC 
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